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SYSTEMS AND METHODS FOR AUTOMATIC 
ACOUSTIC SPEAKER ADAPTATION IN 
COMPUTER-ASSISTED TRANSCRIPTION 

SYSTEMS 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of priority to 
US. Provisional Patent Applications Serial Nos. 60/376, 
547, ?led May 1, 2002 and 60/376,548, ?led May 1, 2002, 
both applications incorporated herein by reference. This 
application is directed to subject matter related to that 
disclosed and claimed in co-pending US. patent application 
Ser. No. , entitled “Systems and Methods for Evalu 
ating Speaker Suitability For Automatic Speech Recognition 
Aided Transcription,” Attorney Docket No. 
02158.0169.NPUS01, ?led Apr. 28, 2003, incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to automated 
speech recognition technology. More speci?cally, this 
invention relates to a method for automatic acoustic speaker 
adaptation in automated speech recognition technology. 

BACKGROUND OF THE INVENTION 

[0003] Dictation devices have been in common use in 
many ?elds in Which it is inconvenient or undesirable to 
make handWritten or typeWritten notes. It Was common in 
these ?elds for a user of a dictation device to make voice 
recordings and provide these recordings to transcriptionists, 
Who transcribe the recordings in order to generate Written 
transcripts of the recording for the speaker’s revieW or for 
record keeping purposes. More recently, dictation technol 
ogy has developed signi?cantly and includes such tools as 
automated speech recognition (ASR) systems to eliminate 
much of the need for transcriptionists to transcribe record 
ings. ASR systems take input in the form of speech and 
derive a teXt of Words that Was most likely to have been 
spoken. Besides dictation systems, ASR is also becoming 
increasingly important in applications such as voice acti 
vated telephone menus and voice messaging systems. HoW 
ever, a recogniZed and pervasive problem in the art is that 
speech recognition can be unreliable, and it is often easier 
and even cheaper to use transcription services or live opera 
tors instead because faulty speech recognition often Wastes 
more time than it saves. There is therefore a need for 
improved speech recognition systems that are more reliable 
and less error prone. 

[0004] There are several methods of speech recognition 
knoWn to those skilled in the art. Most of these methods are 
based on combinations of acoustic (speech) models and 
language models. Acoustic models can be constructed using 
speech from many different speakers or using speech from 
a particular speaker for Whom the model is intended. An 
acoustic model constructed either a priori or using many 
different speakers is called a speaker independent (SI) 
acoustic model because the parameters of the model are not 
tuned to any particular speaker. Speaker independent acous 
tic models are usually substantially less accurate than 
speaker dependent (SD) acoustic models because the param 
eters of a SD acoustic model are adapted to a particular 
speaker’s pronunciation and manner of speaking Whereas a 
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SI acoustic model is not. In addition to pronunciation and 
manner of speaking, a speaker’s vocal cord length and siZe 
and shape of mouth and other physical characteristics can 
affect speech recognition. Furthermore, differences in signal 
quality due to differences in microphone input or signal 
transmission routes betWeen When a recognition engine is 
initially programmed and When it is actually used can also 
affect the accuracy of automatic speech recognition. A 
speaker dependent acoustic model can account for these 
differences Whereas a speaker independent acoustic model 
cannot. Therefore, in order to increase the accuracy of 
speech recognition engines, it is desirable to adapt acoustic 
models on Which the engines are based to particular speakers 
With the particular conditions under Which they are speak 
mg. 

[0005] There are several Ways knoWn to those skilled in 
the art to adapt a speech model to a particular speaker, 
including Bayesian maXimum a posteriori (MAP) estimates, 
eigenvoice methods, and maximum-likelihood methods. 
Many of these methods are revieWed by Neumeyer et al., “A 
Comparative Study of Speaker Adaptation Techniques,” 4th 
European Conf. on Speech Communication and Technology, 
pages 1127-1130, incorporated by reference. 

[0006] The maximum-likelihood linear regression 
(MLLR) method is described in detail in C. J. Leggetter and 
P. C. Woodland, “Maximum likelihood linear regression for 
speaker adaptation of continuous density hidden Markov 
models,”Computer Speech and Language, vol. 9, pages 
171-185, incorporated by reference. This reference describes 
tWo methods of adapting a speech recognition engine to a 
particular speaker. The ?rst method is supervised adaptation, 
Which requires an eXact or literal transcript of a recorded 
speech and re?nes the acoustic model to match the literal 
transcript. The second method is unsupervised adaptation, 
Which does not require a literal transcript. In this method, the 
speech recognition engine transcribes the speech and that 
transcription is used to re?ne the speech model. As expected, 
Leggetter and Woodland report that the supervised adapta 
tion method Was superior to the unsupervised adaptation 
method, although both methods approached the performance 
of a SD based acoustic model as the number of adaptation 
utterances increased. 

[0007] Supervised adaptation approaches require literal 
transcripts of a recorded speech. Thus transcriptionists are 
required to literally transcribe a recorded speech in order to 
create a teXt document for comparison, or alternatively, a 
speaker is required to read a pre-Written adaptation speech. 
Both of these methods require time on the part of a human, 
thus making these methods more costly and time-consuming 
than unsupervised methods. Furthermore, supervised adap 
tation methods are not usually an option in many telephony 
applications in Which speakers interact only brie?y With the 
system. There is therefore a need for an unsupervised 
adaptive speech recognition system that does not rely on 
literal transcriptions and does not rely on speakers reading 
pre-Written adaptation speeches. 

[0008] One approach to adaptive speech recognition With 
out literal transcription is found in K. Shinoda and C.-H. 
Lee, “Unsupervised Adaptation Using Structural Bayes 
Approach,”Proc. IEEE Intl. Conf on Acoustics, Speech and 
Signal Processing, Seattle, Wash. (1998), incorporated 
herein by reference. In this approach, an automatic speech 
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recognition system Was used to generate semi-literal tran 
scripts for adaptation. However, because the generated semi 
literal transcripts contained many recognition errors, the 
adapted acoustical models developed using this approach 
did not perform as Well as adapted acoustical models gen 
erated using literal transcripts or combinations of supervised 
adaptation folloWed by unsupervised adaptation. There is 
therefore a need for an unsupervised adaptive speech rec 
ognition system that performs better than this generated 
semi-literal approach. 

[0009] In addition to acoustic models, speech recognition 
engines also typically employ language models. Language 
models alloW speech recognition engines to take into 
account the fact that there are correlations betWeen nearby 
Words in sentences. This concept is described in detail by F. 
Jelinek, “Self-Organized Language Modeling for Speech 
Recognition,” in Language Processing for Speech Recogni 
tion at pages 450-503, incorporated herein by reference. 
Language models attempt to characteriZe the probability that 
a particular Word Will appear at a particular location in a 
sentence given the identity and locations of other nearby 
Words. 

[0010] One popular set of language models is the n-gram 
language models. N-gram language models attempt to cal 
culate the probability that the nth Word in a group of Words 
Will be a particular Word given the identity of the previous 
n-1 Words. For eXample, the trigram language model (n=3) 
attempts to calculate the probability that the third Word in a 
group of Words Will be a particular Word given the identity 
of the previous tWo Words in that group. N-gram probabili 
ties are typically calculated based on large quantities of teXt, 
called a training corpus. 

[0011] A training corpus can come from any teXt, and a 
broad range of teXts can be used to generate a general 
language model. A topic language model can be created 
from teXts using language in the same Way as the speaker 
Whose language is being modeled. For eXample, if the 
speaker is a physician and is speaking about medical mat 
ters, then medical teXts Would be the most appropriate 
elements of a training corpus. Or if the speaker is a laWyer 
speaking about legal matters, then legal teXts Would be most 
appropriate. Topic language models can be poWerful pre 
dictive tools for speech recognition, yet they have not been 
used in speaker adaptation methods. 

[0012] Another adaptive speech recognition approach 
involving semi-literal transcripts is set forth in S. S. Pakho 
mov and M. J. SchonWetter, “A Method and System for 
Generating Semi-Literal Transcriptions for Speech Recog 
nition Systems,” US. patent application Ser. No. 09/487, 
398, ?led Jan. 18, 2000, incorporated herein by reference. 
This approach generates semi-literal transcripts from pre 
eXisting partial transcripts. Partial transcripts re?ect a speak 
er’s intended teXt rather than What Was actually spoken, thus 
pause-?llers (e.g., “um . . . ”, “uh . . . ”) are removed, 

dictation instructions are removed, and spoken corrections 
(e.g., “right . . . no, I mean left . . . ”) are corrected in the teXt 

of the partial transcript. To generate a semi-literal transcript, 
Pakhomov et al. interpolate pause-?llers With a ?lled pause 
language model and interpolate other omitted Words (such as 
corrections and dictation instructions) using a background 
language model. The semi-literal transcript so generated is 
then used in combination With the original audio ?le from 
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Which the partial transcript Was generated to generate a 
speaker dependent model. HoWever, the semi-literal tran 
scripts thus generated cannot provide the accuracy required 
for good adaptive speech recognition. The method augments 
the partial transcript using a relatively simple probabilistic 
?nite state model that limits the poWer of the language 
model. There is therefore a need for an adaptive speech 
recognition system that does not suffer from this limitation 
and can fully bene?t from a sophisticated language model. 

SUMMARY OF THE INVENTION 

[0013] This invention includes a method for unsupervised 
adaptive speech recognition systems by generating semi 
literal transcripts from a database containing pre-eXisting 
partial transcripts and associated audio ?les. This method 
thus alloWs the bene?ts in accuracy of having speaker 
dependent acoustic models Without the draWbacks of requir 
ing literal transcripts. The partial transcripts can be modi?ed 
and used to generate a topic language model, Which may 
then be interpolated With a general language model. The 
interpolated language model may be used With a speaker 
independent acoustic model to create a semi-literal transcript 
from an audio ?le. This semi-literal transcript and the audio 
?le from Which it Was generated may then be used in an 
acoustic adaptation engine to generate a speaker dependent 
acoustic model tailored particularly to the speaker Who 
created the audio ?le. 

[0014] The invention includes a method for acoustic adap 
tation comprising the steps of collecting at least one audio 
?le associated With a partial transcript of the audio ?le; 
building a topic language model from the partial transcript; 
interpolating the topic language model With a general lan 
guage model; using a speaker-independent acoustic model 
and the interpolated language model in a speech recognition 
engine on the audio ?le to generate a semi-literal transcript; 
and generating a speaker dependent acoustic model using 
the semi-literal transcript and the audio ?le in an acoustic 
adaptation engine. In one aspect, the method includes the 
step of ?ltering out predetermined sections of the partial 
transcript to generate a ?ltered partial transcript. In another 
aspect, the method includes the step of tokeniZing the teXt of 
the partial transcript. In another aspect, the method includes 
the steps of adding Words of punctuation to the partial 
transcript to generate a punctuation teXt, removing punctua 
tion from the partial transcript to generate a no-punctuation 
teXt, and simulating probabilities of pronounced punctua 
tions in the topic language model by providing copies of the 
punctuation teXt and the no-punctuation teXt in a predeter 
mined proportion. In another aspect, the method includes the 
step of counting a number of audio ?les and associated 
partial transcripts. In another aspect, the steps of building, 
interpolating, using, and generating are performed after a 
predetermined number of audio ?les and associated partial 
transcripts have been counted in the counting step. In 
another aspect, the topic language model and the general 
language model comprise n-gram Word statistics. In another 
aspect, the topic language model and the general language 
model comprise trigram Word statistics. 

[0015] The invention includes a system for acoustic adap 
tation comprising a voice server for storing at least one audio 
?le, Wherein the audio ?le is stored according to the identity 
of the speaker; a teXt server for storing at least one tran 
scription associated With the at least one audio ?le; a speech 
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recognition engine for receiving audio ?les, acoustic mod 
els, and language models, and outputting teXt ?les; an 
acoustic adaptation engine for receiving audio ?les and 
associated teXt ?les and outputting acoustic model ?les; and 
a speech recognition server for sending audio ?les to the 
speech recognition engine and the acoustic adaptation 
engine and for sending teXt ?les to the acoustic adaptation 
engine; Wherein the speech recognition server receives an 
audio ?le and an associated partial transcript of the audio 
?le, builds a topic language model from the partial tran 
script, interpolates the topic language model With a general 
language model to generate and interpolated language 
model; Wherein the speech recognition engine uses the 
interpolates language model and a speaker independent 
acoustic model to generate a semi-literal transcript from an 
audio ?le; and Wherein the acoustic adaptation engine uses 
the semi-literal transcript and the audio ?le to generate a 
speaker dependent acoustic model. In one aspect, the system 
further comprises a counter for counting a number of audio 
?les for a particular speaker, Wherein the topic language 
model is generated after the counter has counted a prede 
termined number of audio ?les for the particular speaker. In 
another aspect, the system further comprises a counter for 
counting a number of audio ?les for a plurality of speakers, 
Wherein the topic language model is generated after the 
counter has counted a predetermined number of audio ?les 
for the plurality of speakers. In another aspect, the topic 
language model and the general language model comprise 
n-gram Word statistics. In another aspect, the topic language 
model and the general language model comprise trigram 
Word statistics. In another aspect, the topic language model 
is created using copies of a punctuation teXt and a no 
punctuation teXt in a predetermined proportion. 

[0016] The invention includes a system for acoustic adap 
tation comprising a means for collecting at least one audio 
?le associated With a partial transcript of the audio ?le; a 
means for building a topic language model from the partial 
transcript; a means for interpolating the topic language 
model With a general language model; a means for gener 
ating a semi-literal transcript using a speaker-independent 
acoustic model and the interpolated language model; and a 
means for generating a speaker dependent acoustic model 
using the semi-literal transcript and the audio ?le. In one 
aspect, the system further comprises a means for ?ltering out 
predetermined sections of the partial transcript to generate a 
?ltered partial transcript. In another aspect, the system 
further comprises a means for tokeniZing the teXt of the 
partial transcript. In another aspect, the system further 
comprises a means for simulating the probabilities of pro 
nounced punctuations in the topic language model. In 
another aspect, the system further comprises a means for 
counting a number of audio ?les and associated partial 
transcripts. In another aspect, the topic language model and 
the general language model comprise n-gram Word statistics. 
In another aspect, the topic language model and the general 
language model comprise trigram Word statistics. 
[0017] The invention includes a method for creating an 
interpolated language model for speech recognition, the 
method comprising the steps of collecting at least one audio 
?le associated With a partial transcript of that audio ?le; 
?ltering out predetermined sections of the partial transcript; 
normaliZing the teXt of the partial transcript; creating a ?rst 
and a second copy of the partial transcript; removing punc 
tuation from the ?rst copy of the partial transcript; adding 
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punctuation as Words to the second copy of the partial 
transcript; merging the ?rst and second copies of the partial 
transcript to create a semi-literal transcript, Wherein the ?rst 
and second copies of the partial transcript are selectively 
Weighed according to at least one predetermined probability 
factor; building a topic language model from the semi-literal 
transcript; and interpolating the topic language model With 
a general language model to create an interpolated language 
model. In one aspect, the language model is used in unsu 
pervised acoustic adaptation. In another aspect, the method 
further comprises the step of counting a number of audio 
?les and associated partial transcripts. In another aspect, the 
steps of building and interpolating are carried out after a 
predetermined number of audio ?les and associated partial 
transcripts have been counted in the counting step. In 
another aspect, all of the audio ?les are from a single 
speaker. In another aspect, the audio ?les are from tWo or 
more speakers. In another aspect, the topic language model 
and the general language model comprise n-gram Word 
statistics. In another aspect, the topic language model and 
the general language model comprise trigram Word statis 
tics. 

[0018] The invention includes a method for acoustic adap 
tation comprising the steps of collecting at least one audio 
?le associated With a partial transcript of the audio ?le; 
counting a number of audio ?les and associated partial 
transcripts; ?ltering out predetermined sections of the partial 
transcript; tokeniZing the teXt of the partial transcript; 
removing punctuation from a ?rst copy of the partial tran 
script; adding punctuation as Words to a second copy of the 
partial transcript; building a topic language model from the 
?rst and second copies of the partial transcript selectively 
Weighed according to a predetermined probability factor, 
Wherein the topic model comprises trigram Word statistics; 
interpolating the topic language model With a general lan 
guage model, Wherein the general language model com 
prises trigram Word statistics; using a speaker-independent 
acoustic model and the interpolated language model in a 
speech recognition engine on the audio ?le to generate a 
semi-literal transcript; and generating a speaker dependent 
acoustic model using the semi-literal transcript and the audio 
?le in an acoustic adaptation engine, Wherein the steps of 
building, interpolating, using, and generating are performed 
after a predetermined number of audio ?les and associated 
partial transcripts have been counted in the counting step. 
[0019] The invention includes a system for acoustic adap 
tation comprising a voice server for storing at least one audio 
?le, Wherein the audio ?le is stored according to the identity 
of the speaker; a teXt server for storing at least one tran 
scription associated With the at least one audio ?le; a counter 
for counting a number of audio ?les for a particular speaker; 
a speech recognition engine for receiving audio ?les, acous 
tic models, and language models, and outputting teXt ?les; 
an acoustic adaptation engine for receiving audio ?les and 
associated teXt ?les and outputting acoustic model ?les; and 
a speech recognition server for sending audio ?les to the 
speech recognition engine and the acoustic adaptation 
engine and for sending teXt ?les to the acoustic adaptation 
engine; Wherein the speech recognition server receives an 
audio ?le and an associated partial transcript of the audio 
?le, builds a topic language model comprising trigram Word 
statistics from copies of a punctuation teXt and a no 
punctuation teXt in a predetermined proportion after the 
counter has counted a predetermined number of audio ?les 
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for the particular speaker, and interpolates the topic lan 
guage model With a general language model comprising 
trigram Word statistics to generate and interpolated language 
model; Wherein the speech recognition engine uses the 
interpolates language model and a speaker independent 
acoustic model to generate a semi-literal transcript from an 
audio ?le; and Wherein the acoustic adaptation engine uses 
the semi-literal transcript and the audio ?le to generate a 
speaker dependent acoustic model. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a block diagram shoWing one embodi 
ment of a computer assisted transcription system that may be 
used With the invention. 

[0021] FIG. 2 is a block diagram shoWing the steps in one 
embodiment of the method of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] In one aspect, the invention includes a method for 
unsupervised acoustic adaptation. At least one audio ?le, the 
?rst audio ?le, may be associated With a partial transcript of 
the audio ?le. The ?rst audio ?le and its associated partial 
transcript may be collected from a server used to store audio 
?les. The stored audio ?les may be labeled according to the 
identity of the speakers Who generated the ?les, or possibly 
also by other identifying information such as date and time 
the ?les Were generated or a title or topic of the subject of 
the audio ?le, for example. A topic language model may be 
built from the partial transcript using any method knoWn to 
those in the art, for example by a statistical analysis of 
n-gram Word probabilities. Preferably, a topic language 
model is constructed by statistical analysis of the trigram 
Word probabilities in the partial transcript. The topic lan 
guage model may then be interpolated With a general 
language model, Which can be any pre-existing general 
language model, to generate an interpolated language model. 

[0023] A second audio ?le, Which may preferably be the 
same audio ?le associated With the partial transcript, but 
may generally be any audio ?le generated by the same or a 
different speaker, may be subjected to speech recognition by 
a speech recognition engine. The speech recognition engine 
may use a speaker independent acoustic model and the 
interpolated language model to generate a semi-literal tran 
script of the second audio ?le. The semi-literal transcript and 
the second audio ?le may then be provided to an acoustic 
adaptation engine, Which can provide a speaker dependent 
acoustic model particular to the speaker Who created the 
second audio ?le. 

[0024] In one embodiment, the partial transcript may be 
processed in one or more of the Ways described beloW before 
a topic language model is built from it. Predetermined 
sections of the partial transcript may be ?ltered out from it 
to generate a ?ltered partial transcript. The partial transcript 
may be a ?nal version of What a speaker had in mind, as 
anticipated by a transcriptionist. The partial transcript may 
thus include portions Which Were not actually spoken by the 
speaker, but Were intended to be part of the ?nal document. 
For example, the transcriptionist may add headers or footers, 
headings, or boilerplate language to the partial transcript, but 
these may not have been spoken in the audio ?le. The 
?ltering step may remove the portions of the partial tran 
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script that are knoWn to not have been spoken by the speaker 
because, for example, they may have been part of a form 
document that the speaker Was ?lling out. 

[0025] Another step for processing the partial transcript 
may involve tokeniZing or normaliZing the partial transcript 
to transform the text by reformatting it into a format that 
complies With the requirements for the system that generates 
language models. The tokeniZing step may involve parsing 
the partial transcript ?le to identify the Words it contains and 
associate those Words With token data representations that 
are recogniZed by the system for generating language mod 
els. 

[0026] Another step for processing the partial transcript 
may involve adding Words to the partial transcript to simu 
late probabilities of pronounced punctuations. If a speaker is 
in the habit of directing a transcriptionist to insert punctua 
tion by explicitly pronouncing punctuation such as “period, 
”“comma,”“quote,”“neW paragraph,”“open parenthesis,” 
and “closed parenthesis,” for example, then these probabili 
ties can be taken into consideration in a topic language 
model by making them explicit in the transcript used to 
generate a topic language model. In one embodiment, pro 
nounced punctuation can be added to the partial transcript 
for example by reference to the audio ?le from Which the 
partial transcript Was generated or by a speaker-dependent 
lookup table created by a transcriptionist or other person 
familiar With the speakers’ dictation habits. In a preferred 
embodiment, all of the punctuation may be removed from a 
copy of a partial transcript to generate a no-punctuation text 
copy of the partial transcript, and all of the punctuation may 
be spelled out in a copy of a partial transcript to generate a 
punctuation text copy of the partial transcript. Copies of the 
no-punctuation text copy of the partial transcript and the 
punctuation text copy of the partial transcript may then be 
used in a predetermined proportion to simulate the prob 
ability that punctuation Will be pronounced. 

[0027] Topic language models are generally improved by 
reference to a greater training corpus text. Thus, in one 
aspect, the invention may include a counter for counting the 
number of partial transcripts that are used to create a topic 
language model. The counter may count the number of 
partial transcripts or it may count some other relevant 
quantity, such as a number of pages of transcripts or a 
number of lines or a number of Words. Once the counter has 
reached a predetermined value, thus indicating that a pre 
determined number of transcripts are available for creating 
a topic language model, the method can proceed and a topic 
language model may be created from the counted transcripts. 

[0028] In another embodiment, the invention may include 
a system for unsupervised acoustic adaptation. The system 
includes a voice server, Which stores audio ?les. Preferably, 
the audio ?les can be stored and accessible by reference to 
a label that identi?es the speaker Who created the audio ?le, 
as Well as by other identifying information such as date and 
time the ?les Were generated or a title or topic of the subject 
of the audio ?le, for example. NeWly created audio ?les may 
be sent to the voice server for storage. Copies of neWly 
created audio ?les may be sent to transcriptionist, Who can 
use the audio ?les to create partial or literal transcripts. 
Alternatively, if an audio ?le has been subjected to speech 
recognition, the audio ?le may be sent by the voice server 
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along With the recognition transcript to a transcriptionist, 
Who can then edit the recognition transcript to create a 
partial or literal transcript. 

[0029] The system of the invention may also include a teXt 
server for storing transcriptions associated With the audio 
?les. The teXt server may receive and store partial, literal, 
and semi-literal transcripts. When a transcriptionist has 
transcribed an audio ?le, the transcribed ?le may be sent to 
the teXt server. The teXt server may store teXt ?les according 
to labels that alloW the teXt ?les to be associated With the 
corresponding audio ?les from Which they Were generated. 
TeXt ?les may be stored and accessible by reference to a 
label that identi?es the speaker Who created the correspond 
ing audio ?le, as Well as by other identifying information 
such as date and time the ?les Were generated or a title or 
topic of the subject of the teXt ?le, for eXample. 

[0030] The system of the invention may include a speech 
recognition engine for receiving audio ?les from a speech 
recognition server and providing transcriptions of the audio 
?les. The speech recognition engine may use acoustic and 
language models in recogniZing speech. The acoustic mod 
els alloW the speech recognition engine to recogniZe par 
ticular sounds and to assemble the sounds into the Words that 
Were most likely spoken to make those sounds. The lan 
guage models alloW the speech recognition engine to take 
into account the correlations betWeen Words in a string of 
Words. For audio ?les generated by a particular speaker, the 
speech recognition engine is more likely to be accurate When 
the acoustic model is a speaker dependent acoustic model 
tuned to the particular speaker. For audio ?les Whose subject 
matter is specialiZed, the speech recognition engine is more 
likely to be accurate When the language model includes a 
topic language model directed to the specialiZed subject 
matter. 

[0031] The system of the invention may include an acous 
tic adaptation engine for receiving audio ?les and their 
associated teXt ?les from a speech recognition server. The 
acoustic adaptation engine can parse the sounds in the audio 
?le and associate those sounds With the Words in the 
associated teXt ?les to generate a model of hoW the speaker 
makes the sounds associated With the elements of spoken 
Words. The result is a speaker dependent acoustic model ?le. 
The speaker dependent acoustic model ?le may be stored in 
a database and labeled With the identity of the speaker or any 
other appropriate identi?er. When audio ?les generated by a 
particular speaker are subjected to speech recognition, the 
speech recognition server can access the database to deter 
mine Whether a speaker dependent acoustic model ?le eXists 
for that user, and if so, the speaker dependent acoustic model 
?le can be used by the speech recognition engine in its 
automated transcriptions of that speaker’s audio ?les. 

[0032] The system of the invention may include a counter 
for counting a number of audio ?les and associated partial 
transcript ?les available for a particular speaker. The counter 
may be as simple as a variable in a softWare program that 
increments by one for each partial transcript that eXists for 
each user. The counter may, hoWever, be more complicated 
and may count the number of Words in each transcript, or 
any other meaningful quantity for measuring the amount of 
information available for creating a topic language model. 
Once the counter has reached a predetermined value, the 
system can proceed With creating the topic language model. 
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The predetermined value may be chosen With regard to hoW 
many Words or transcripts Would be enough to assemble a 
topic language model that adequately samples enough 
n-gram Word combinations to generate an adequate number 
of n-gram probabilities to generate a meaningful language 
model. Preferably, the counter may include only those 
transcripts generated by a particular speaker for Which 
unsupervised acoustic adaptation is desired. HoWever, in an 
alternative embodiment, the counter may include transcripts 
generated by multiple speakers Who use the system. Pref 
erably, if the counter includes transcripts generated by 
speakers Who use the system, all of the included transcripts 
may be about the same topic rather than a great diversity of 
topics. 
[0033] In one embodiment, the invention may include a 
method for generating semi-literal transcripts from partial 
transcripts and associated audio ?les and using these semi 
literal transcripts to adapt an acoustic model to a particular 
speaker, thus creating a speaker dependent acoustic model. 
In another embodiment, the invention may include a system 
employing this method. The invention includes systems and 
methods for training speech recognition engines to adapt to 
particular users Without requiring the particular users to read 
preWritten teXts and Without requiring transcriptionists to 
generate literal transcripts. The systems and methods of the 
invention instead make use of partial transcripts, Which are 
transcripts that are intended to be the ?nal product of a 
speaker’s dictation and Which eXclude dictation commands 
and corrections. In a preferred embodiment, the partial 
transcripts are pre-eXisting partial transcripts. 

[0034] The partial transcripts may be augmented to 
include pronounced punctuations. If during dictation a 
speaker says “period,”“comma,” or “quote,” for eXample, 
but these Words are left out of the partial transcript because 
the transcriptionist understands them to be dictation com 
mands to insert the named punctuation, these Words may be 
put into the augmented transcript. The original audio ?le 
may be provided to a speech recognition engine employing 
a speaker independent acoustic model. When pronounced 
punctuation Words are detected by the speech recognition 
engine but do not appear in the partial transcript, these Words 
may be inserted in the appropriate place Within the partial 
transcript. 

[0035] In a preferred embodiment, pronounced punctua 
tions may be taken into account in the topic language model 
by creating tWo teXts of a partial transcript. One of the teXts, 
the punctuation teXt, may have most or all of the punctuation 
included in the partial transcript spelled out as Words, as if 
the speaker had spoken all of the punctuation included in the 
partial transcript. The other of the teXts, the no-punctuation 
teXt, may none or almost none of the punctuation included 
in the partial transcript spelled out as Words, as if the speaker 
had spoken none of the punctuation included in the partial 
transcript. A probability that the speaker Would pronounce 
punctuation may be determined, for example, by a statistical 
analysis of literal transcripts generated for that speaker. 
Alternatively, a probability that any speaker Would pro 
nounce punctuation may be determined by a statistical 
analysis of literal transcripts generated by a number of 
speakers. HoWever the probability of pronounced punctua 
tion is derived, the probability of pronounced punctuation 
can be included in a topic language model by deriving that 
model from the punctuation and the no-punctuation teXts. 
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For example, if it is determined that the probability that 
punctuation Will be spoken is 10%, then a topic language 
model can be generated using 9 copies of the no-punctuation 
text and 1 copy of the punctuation text. 

[0036] The invention may include a counter to determine 
Whether the number of augmented transcripts corresponding 
to transcribed audio ?les from a particular speaker are 
sufficient according to some predetermined criteria to build 
a topic language model for that speaker. The counter may 
count the number of transcripts With each transcript counting 
as one unit, or may Weigh transcripts more or less depending 
on their lengths With longer transcripts counting more than 
shorter ones. If the number of augmented transcripts is 
sufficient to build a topic language model for that speaker, 
then a topic language model can be built using the aug 
mented transcripts as the training corpus to generate n-gram 
probabilities, preferably trigram probabilities, using meth 
ods knoWn to those skilled in the art. 

[0037] In one embodiment, a topic language model may 
be generated exclusively from transcripts from a single 
speaker, thus individual speakers Who use the system Will 
have their oWn topic language models. In another embodi 
ment, a topic language model may be generated using only 
a single transcript from a single speaker, and this transcript 
may be used in the adaptation process. In an alternative 
embodiment, a single topic language model may be gener 
ated from transcripts from a group of speakers. In this 
alternative embodiment, the counter may count the total 
number of transcripts available from all users in that group 
in order to determine if a suf?cient number of transcripts is 
available. 

[0038] The topic language model generated using the 
augmented transcripts may then be interpolated With a 
general language model. The resulting interpolated language 
model is a focused language model for a speech recognition 
engine during recognition of the recorded speech to be used 
for adaptation. The interpolated language model is ?exible 
enough to recogniZe Words and Word combinations not in 
the topic language model but in the general language model. 
Using this interpolated language model in speech recogni 
tion ensures that the recognition engine can achieve a very 
high speech recognition accuracy in generating a semi-literal 
transcript using a speaker independent acoustic model even 
for hard-to-recogniZe audio signals. This high level of 
recognition accuracy can be essential to the success of the 
acoustic adaptation using semi-literal transcripts, but such a 
high level of accuracy is typically impossible using just a 
general language model. 

[0039] The interpolated language model may be used With 
a speaker independent acoustic model to generate a semi 
literal transcript from a pre-recorded audio ?le. In one 
embodiment, the pre-recorded audio ?le corresponds to a 
transcript used to generate the topic language model that is 
part of the interpolated language model. The semi-literal 
transcript and the corresponding pre-recorded audio ?le may 
be used in an acoustic adaptation engine to generate a set of 
parameters for an acoustic model to make a speaker depen 
dent acoustic model tuned to the particular speaker Who 
generated the pre-recorded audio ?le. 

[0040] FIG. 1 is a block diagram shoWing a system 
suitable for employing the method of the invention. A 
speaker 105 may dictate a speech into a suitable recording 
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device. The speech may be digitiZed, and an audio ?le 107 
may be created. The audio ?le 107 may be stored in a voice 
server 110 until it can be transcribed by a transcriptionist 115 
or processed by the speech recognition server 118. The 
transcriptionist can create a partial transcript 117 containing 
the text and formatting intended by the speaker 105. The 
partial transcript 117 may be stored on a text server 116 until 
it is needed by the speech recognition server 118. 

[0041] The speech recognition server 118 can coordinate 
the different components of the speech recognition system. 
The speech recognition server 118 may pull audio ?les 107 
from the voice server 110 and may send those audio ?les 107 
to the recognition engine 112. The recognition engine may 
generate recogniZed text ?les 119 from the audio ?les 107. 
The speech recognition server 118 may then send matching 
audio and recogniZed text ?les 130 to the voice server, Where 
the ?le pairs 130 can be stored until they can be edited by 
a transcriptionist 115. The transcriptionist may edit the 
recogniZed text ?les While listening to the corresponding 
audio ?le to generate a partial transcript 117, Which may be 
stored on the text server 116. 

[0042] An adaptation engine 114 can be part of the system, 
thus alloWing the modi?cation of the recognition engine for 
acoustic speaker adaptation. Matching audio ?les 107 and 
partial text ?les 117 may be sent by the speech recognition 
server 118 to the adaptation engine 114. The adaptation 
engine may use both ?les to generate a model ?le 125 that 
may be unique to the particular user Who created the audio 
?les used as inputs for the adaptation engine. The model ?le 
125 may be sent to the recognition engine, Where the 
parameters of the model used by the recognition engine can 
be optimiZed for the speaker Who created the audio ?le 107. 
Preferably, multiple sets of audio ?les 107 and partial text 
?les 117 for the same speaker may be sent to the adaptation 
engine 114 for the creation of a model ?le 125 for that 
speaker. 

[0043] In a preferred embodiment, the system of the 
invention includes a component that alloWs the system to 
evaluate Whether a particular speaker is suitable for auto 
mated speech recognition. This embodiment is described in 
greater detail in co-pending patent application Ser. No. 

(attorney docket no. 02158.0169), entitled “Systems 
and Methods for Evaluating Speaker Suitability for Auto 
matic Speech Recognition,” incorporated herein by refer 
ence. In this embodiment, a recogniZed text document 119 
and a corresponding partial transcript document 117 may be 
sent to a speaker evaluator 122, Which may evaluate the 
suitability of the speaker for speech recognition based on 
identi?ed differences betWeen the recogniZed text document 
119 and the corresponding partial transcript document 117 or 
based on other criteria. The result of this evaluation is stored 
in a user database 120. The speech recognition server 118 
can then access the contents of the user database to deter 
mine Whether to send a particular speaker’s audio ?les 107 
to a recognition engine 112 to generate a recogniZed text ?le, 
or to send that speaker’s audio ?les 107 to a transcriptionist 
115 to generate a partial transcript, or to send that speaker’s 
audio ?les 107 ?rst to a recognition engine 112 to generate 
a recogniZed text ?le and then to a transcriptionist 115 to edit 
that recogniZed text ?le, thus generating a partial transcript. 

[0044] FIG. 2 is a block diagram shoWing an embodiment 
of the automatic acoustic speaker adaptation process of the 
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invention. The process may begin With the data collection 
steps 200, in Which pre-eXisting audio and partial transcript 
?les may be sorted and matched so that the audio ?le from 
Which a partial transcript ?le Was generated may be asso 
ciated With that partial transcript ?le. The number of audio/ 
partial transcript ?le pairs may be counted for each speaker 
Who uses the system in order to determine Whether there are 
a suf?cient number of ?les (according to some predeter 
mined standard) available for any particular speaker to 
proceed With adaptation of the acoustic model for that 
particular speaker. The audio ?les 107 may be stored on the 
voice server 110. 

[0045] The partial transcript ?les may be pre-processed 
210 into augmented partial transcript ?les for input into the 
adaptation engine. Pre-processing may comprise: (1) a 
cleanup step for removing characters and Words that are not 
in the leXicon of the adaptation engine; (2) a tokeniZation 
step, Which includes changing characters and symbols in the 
partial transcript into the spoken Words that the speaker most 
likely used to indicate those characters and symbols (e.g., 
“one hundred dollars” Would be substituted for “$100” in the 
partial transcript), and (3) a punctuation simulation step to 
add Words indicating punctuation to the partial transcript, 
Where the Words Were most likely interpreted by the tran 
scriptionist as instructions from the speaker in the original 
audio ?le to add the punctuation. 

[0046] Alanguage model may be generated as represented 
by boX 220. This language model may be the result of an 
interpolation of a general language model and a topic 
language model 226. The topic language model 226 can be 
built in any Way knoWn to those skilled in the art using any 
relevant teXt ?le. In a preferred embodiment, the topic 
language model 226 may be constructed from the aug 
mented partial transcript ?le using methods knoWn to the 
skilled. The topic language model may be interpolated With 
a general language model 225 to create an interpolated 
language model 227. 

[0047] The audio ?le associated With the original partial 
transcript ?le may be passed to the speech recognition 
engine in step 230. The speech recognition engine uses a 
speaker independent acoustical model and the interpolated 
language model 227 to generate a pseudo-truth teXt ?le 235. 
This pseudo-truth teXt ?le may then be used instead of a 
literal transcript for acoustic adaptation. Thus, the pseudo 
truth teXt ?le 235 and the corresponding audio ?le 107 may 
be provided as input to the acoustic adaptation engine 240, 
Which may then create an adapted acoustic model 250 to be 
input in the speech recognition engine to adapt the recog 
nition engine to the particular speaker for future speech 
recognition activities. 

[0048] While various embodiments of the invention have 
been described above, it should be understood that they have 
been presented by Way of eXample only, and not limitation. 
Thus, the breadth and scope of the present invention should 
not be limited by any of the above described exemplary 
embodiments, but should be de?ned only in accordance With 
the folloWing claims and their equivalents. 

What is claimed is: 

1. A method for acoustic adaptation comprising the steps 
of: 
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collecting at least one audio ?le associated With a partial 
transcript of the audio ?le; 

building a topic language model from the partial tran 
script; 

interpolating the topic language model With a general 
language model; 

using a speaker-independent acoustic model and the inter 
polated language model in a speech recognition engine 
on the audio ?le to generate a semi-literal transcript; 
and 

generating a speaker dependent acoustic model using the 
semi-literal transcript and the audio ?le in an acoustic 
adaptation engine. 

2. The method of claim 1, further comprising the step of 
?ltering out predetermined sections of the partial transcript 
to generate a ?ltered partial transcript. 

3. The method of claim 2, further comprising the step of 
tokeniZing the teXt of the partial transcript. 

4. The method of claim 3, further comprising the steps of 
adding Words of punctuation to the partial transcript to 
generate a punctuation teXt, removing punctuation from the 
partial transcript to generate a no-punctuation teXt, and 
simulating probabilities of pronounced punctuations in the 
topic language model by providing copies of the punctuation 
teXt and the no-punctuation teXt in a predetermined propor 
tion. 

5. The method of claim 1, further comprising counting a 
number of audio ?les and associated partial transcripts. 

6. The method of claim 5, Wherein the steps of building, 
interpolating, using, and generating are performed after a 
predetermined number of audio ?les and associated partial 
transcripts have been counted in the counting step. 

7. The method of claim 4, further comprising counting a 
number of audio ?les and associated partial transcripts. 

8. The method of claim 7, Wherein the steps of building, 
interpolating, using, and generating are performed after a 
predetermined number of audio ?les and associated partial 
transcripts have been counted in the counting step. 

9. The method of claim 1, Wherein the topic language 
model and the general language model comprise n-gram 
Word statistics. 

10. The method of claim 9, Wherein the topic language 
model and the general language model comprise trigram 
Word statistics. 

11. A system for acoustic adaptation comprising: 

a voice server for storing at least one audio ?le, Wherein 
the audio ?le is stored according to the identity of the 
speaker; 

a teXt server for storing at least one transcription associ 
ated With the at least one audio ?le; 

a speech recognition engine for receiving audio ?les, 
acoustic models, and language models, and outputting 
teXt ?les; 

an acoustic adaptation engine for receiving audio ?les and 
associated teXt ?les and outputting acoustic model ?les; 
and 

a speech recognition server for sending audio ?les to the 
speech recognition engine and the acoustic adaptation 
engine and for sending teXt ?les to the acoustic adap 
tation engine; 
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wherein the speech recognition server receives an audio 
?le and an associated partial transcript of the audio ?le, 
builds a topic language model from the partial tran 
script, interpolates the topic language model With a 
general language model to generate and interpolated 
language model; 

Wherein the speech recognition engine uses the interpo 
lates language model and a speaker independent acous 
tic model to generate a serni-literal transcript from an 
audio ?le; and 

Wherein the acoustic adaptation engine uses the semi 
literal transcript and the audio ?le to generate a speaker 
dependent acoustic model. 

12. The system of claim 11, further comprising a counter 
for counting a number of audio ?les for a particular speaker, 
Wherein the topic language model is generated after the 
counter has counted a predetermined number of audio ?les 
for the particular speaker. 

13. The system of claim 11, further comprising a counter 
for counting a number of audio ?les for a plurality of 
speakers, Wherein the topic language model is generated 
after the counter has counted a predetermined number of 
audio ?les for the plurality of speakers. 

14. The system of claim 11, Wherein the topic language 
model and the general language model cornprise n-grarn 
Word statistics. 

15. The method of claim 14, Wherein the topic language 
model and the general language model cornprise trigrarn 
Word statistics. 

16. The system of claim 11, Wherein the topic language 
model is created using copies of a punctuation teXt and a 
no-punctuation teXt in a predetermined proportion. 

17. A system for acoustic adaptation comprising: 

means for collecting at least one audio ?le associated With 
a partial transcript of the audio ?le; 

means for building a topic language model from the 
partial transcript; 

means for interpolating the topic language model With a 
general language model; 

means for generating a serni-literal transcript using a 
speaker-independent acoustic model and the interpo 
lated language model; and 

means for generating a speaker dependent acoustic model 
using the serni-literal transcript and the audio ?le. 

18. The system of claim 17, further comprising a means 
for ?ltering out predeterrnined sections of the partial tran 
script to generate a ?ltered partial transcript. 

19. The system of claim 17, further comprising a means 
for tokeniZing the teXt of the partial transcript. 

20. The system of claim 19, further comprising a means 
for simulating the probabilities of pronounced punctuations 
in the topic language model. 

21. The system of claim 17, further comprising a means 
for counting a number of audio ?les and associated partial 
transcripts. 

22. The system of claim 17, Wherein the topic language 
model and the general language model cornprise n-grarn 
Word statistics. 

23. The system of claim 22, Wherein the topic language 
model and the general language model cornprise trigrarn 
Word statistics. 
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24. Arnethod for creating an interpolated language model 
for speech recognition, the method comprising the steps of: 

collecting at least one audio ?le associated With a partial 
transcript of that audio ?le; 

?ltering out predeterrnined sections of the partial tran 
script; 

norrnaliZing the teXt of the partial transcript; 

creating a ?rst and a second copy of the partial transcript; 

rernoving punctuation from the ?rst copy of the partial 
transcript; 

adding punctuation as Words to the second copy of the 
partial transcript; 

merging the ?rst and second copies of the partial tran 
script to create a serni-literal transcript, Wherein the ?rst 
and second copies of the partial transcript are selec 
tively Weighed according to at least one predeterrnined 
probability factor; 

building a topic language model from the serni-literal 
transcript; and 

interpolating the topic language model With a general 
language model to create an interpolated language 
model. 

25. The method of claim 24, Wherein the language model 
is used in unsupervised acoustic adaptation. 

26. The method of claim 25, further comprising the step 
of counting a number of audio ?les and associated partial 
transcripts. 

27. The method of claim 26, Wherein the steps of building 
and interpolating are carried out after a predetermined 
number of audio ?les and associated partial transcripts have 
been counted in the counting step. 

28. The method of claim 27, Wherein all of the audio ?les 
are from a single speaker. 

29. The method of claim 27, Wherein the audio ?les are 
from tWo or more speakers. 

30. The method of claim 28, Wherein the topic language 
model and the general language model cornprise n-grarn 
Word statistics. 

31. The method of claim 30, Wherein the topic language 
model and the general language model cornprise trigrarn 
Word statistics. 

32. Arnethod for acoustic adaptation comprising the steps 
of: 

collecting at least one audio ?le associated With a partial 
transcript of the audio ?le; 

counting a number of audio ?les and associated partial 
transcripts; 

?ltering out predeterrnined sections of the partial tran 
script; 

tokeniZing the teXt of the partial transcript; 

rernoving punctuation from a ?rst copy of the partial 
transcript; 

adding punctuation as Words to a second copy of the 
partial transcript; 

building a topic language model from the ?rst and second 
copies of the partial transcript selectively Weighed 
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according to a predetermined probability factor, 
Wherein the topic model comprises trigram Word sta 
tistics; 

interpolating the topic language model With a general 
language model, Wherein the general language model 
comprises trigram Word statistics; 

using a speaker-independent acoustic model and the inter 
polated language model in a speech recognition engine 
on the audio ?le to generate a semi-literal transcript; 
and 

generating a speaker dependent acoustic model using the 
semi-literal transcript and the audio ?le in an acoustic 
adaptation engine, 

Wherein the steps of building, interpolating, using, and 
generating are performed after a predetermined number 
of audio ?les and associated partial transcripts have 
been counted in the counting step. 

33. A system for acoustic adaptation comprising: 

a voice server for storing at least one audio ?le, Wherein 
the audio ?le is stored according to the identity of the 
speaker; 

a teXt server for storing at least one transcription associ 
ated With the at least one audio ?le; 

a counter for counting a number of audio ?les for a 
particular speaker; 

a speech recognition engine for receiving audio ?les, 
acoustic models, and language models, and outputting 
teXt ?les; 
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an acoustic adaptation engine for receiving audio ?les and 
associated teXt ?les and outputting acoustic model ?les; 
and 

a speech recognition server for sending audio ?les to the 
speech recognition engine and the acoustic adaptation 
engine and for sending teXt ?les to the acoustic adap 
tation engine; 

Wherein the speech recognition server receives an audio 
?le and an associated partial transcript of the audio ?le, 
builds a topic language model comprising trigram Word 
statistics from copies of a punctuation teXt and a 
no-punctuation teXt in a predetermined proportion after 
the counter has counted a predetermined number of 
audio ?les for the particular speaker, and interpolates 
the topic language model With a general language 
model comprising trigram Word statistics to generate 
and interpolated language model; 

Wherein the speech recognition engine uses the interpo 
lates language model and a speaker independent acous 
tic model to generate a semi-literal transcript from an 
audio ?le; and 

Wherein the acoustic adaptation engine uses the semi 
literal transcript and the audio ?le to generate a speaker 
dependent acoustic model. 


